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(54) Information recording apparatus, information recording method, and information recording 
medium 



(57) To record a pit in an optical information record 
medium, the modulation depth of the record pit is com- 
pared with a predetermined threshold value and write 
light power corresponding to the modulation depth of a 
larger value than the threshold value and corresponding 
to the p value closest to the target p value, of the actually 
found p values is determined appropriate write light 



power, whereby power calibration for optical disk DSK 
is conducted. Emission power (write light power) corre- 
sponding to the p values in a predetermined range, of 
the actually found P values and corresponding to the 
modulation depth of the largest value Is determined ap- 
propriate write tight power whereby power calibration is 
conducted. 
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Description 

[0001] This Invention relates to an information record 
apparatus for performing power calibration when re- 
cording infornnation on an optical information record me- 
dium such as a write-once optical disk or a rewritable 
optical disk, for example, a power calibration method at 
the information recording time, and an optical jnfonna- 
tion record medium recording information to perfonn 
power calibration. 

[0002] In recent years, in addition to read-only CD 
(compact disk) and DVD (digital video disk or digital ver- 
satile disk), write-once (recordable) CD and DVD, rewri- 
table CD and DVD, MD (mini disk), and the like have 
been developed tor increasing the number of variations 
of the optical information record media. 
[0003] In write-once (recordable) CD and DVD, which 
will be hereinafter collectively called write-once optical 
disk, write laser light is applied to a record film of an 
organic coloring matter materia! for forming circular or 
elliptic record pits, thereby irreversibly recording infor- 
mation. In rewritable CD and DVD, which will be here- 
inafter collectively called rewritable optical disk, write la- 
ser light is applied to a phase change film for repeating 
crystallization and rendering amorphous, thereby re- 
versibly recording information as circular or elliptic 
record pits. In MD, magneto-optical recording is per- 
formed. 

[0004] To form an appropriate circular or elliptic record 

pit defined on the specification on write-once optical disk 
and rewritable optical disk, write laser light is controlled 
by light pulse strategy. 

[0005] In the light pulse strategy, the form of a light 
pulse relative to the record mark length Is adjusted, 
whereby laser light emitted from a semiconductor laser 
is optimized, and record pits of an appropriate form are 
formed by the optimized laser light, so that a high-quality 
reproduction signal with occurrence of jitter, etc., sup- 
pressed can be provided when information is repro- 
duced. 

[0006] Power calibration to previously adjust the 
emission power of the semiconductor laser is executed 
before essential information recording is performed 
based on the light pulse strategy. 
[0007] In the power calibration, record pits are formed 
in a power calibration area provided at the inner radius 
of an optical disk and the emission power of the semi- 
conductor laser Is optimized based on the waveform 
provided, for example, by AC coupling a detection sig- 
nal, called HF signal, provided by optically reading the 
record pits formed (namely, written for a try) in the power 
calibration area. 

[0008] That is, as with the case where normal infor- 
mation reading is executed, reflected light from the pow- 
er calibration area in which the record pits are formed is 
detected by a photodetector and outputs of the photo- 
detector are combined, whereby the HF signal is gen- 
erated. This means that the HF signal is a signal before 



equalizing to generate an RF signal, etc., is performed. 
[0009] As the HF signal is thus generated, ah eye pat- 
tern of the H F signal is provided. If the waveform is AC- 
coupled, top peak level a1 of the waveform indicates the 

5 potential difference between the potential Indicating the 
strength of reflected light from a land where no record 
pit is formed and the potential of AC ground GND and 
bottom peak level a2 indicates the potential difference 
between the potential indicating the strength of reflected 

10 light from a record pit and the potential of AC ground 
GND, as shown in FIG. 12A. 

[0010] The ratio between the peak-to-peak value of 
the HF signal (a1-fa2) and the difference between the 
levels (a1-a2), which will be hereinafter referred to as p 

15 value, is found as shown in the following expression (1 ), 
and, for example, when p value=0 is adopted as the tar- 
get of the power calibration, if the p value becomes al- 
most 0, it Is determined that the emission power P of the 
semiconductor laser is equal to target power Pw; if the 

20 waveform provided by AC coupling the HF signal be- 
comes the waveform shown in FIG. 12B and the p value 
becomes a negative value, it is determined that the 
emission power P of the semiconductor laser is smaller 
than the target power Pw; and if the waveform provided 

25 by AC coupling the HF signal becomes the waveform 
shown in FIG. 12C and the p value becomes a positive 
value, it is determined that the emission power P of the 
semiconductor laser is larger than the target power Pw. 
The emission power P of the semiconductor laser is ad- 

30 justed so as to become equal to the target power Pw 
based on each determination result. 

p = (a1 -a2)/(a1 +a2) (1) 

35 

[0011] A method of determining whether or not the 
emission power P of the semiconductor laser reaches 
the target power Pw by examining asymmetry of the HF 
signal itself produced in response to the size and formof 
40 a recordpit fonned in the power calibration area is also 
devised. 

[0012] In the method of examining asymmetry, as 
shown in FIG. 13, top peak level A1 of the HF signal 
corresponding to the strength of reflected light from a 

45 land where no record pit is formed, bottom peak level 
A2 corresponding to the strength of reflected light from 
a large record pit, lop peak level B1 corresponding to 
the strength of reflected light from a land between small 
record pits, and bottom peak level B2 corresponding to 

50 the strength of reflected light from a small record pit are 
detected and the detected levels A1 , A2, B1 , and 82 are 
applied to the following expression (2), thereby finding 
the value of asymmetry, which will be hereinafter re- 
ferred to as a value: 

55 

a = {(A1 +A2) - (B1 -hB2))/{2 X (A1 -A2)) (2) 
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[0013] For example, when a value=0 is adopted as 
the target of the power calibration, if the a value be- 
comes 0, it is determined that the emission power P of 
the semiconductor laser is equal to the target power Pw, 
and if the a value becomes unequal to 0, it is determined 
that the emission power P is not equal to the target pow- 
er Pw, and the supply current to the semiconductor laser 
is controlled so that the emission power P becomes 
equal to the target power Pw. 

[0014] When a pit is recorded and formed on an opti- 
cal disk, the specification of modulation depth M found 
according to the following expression (3) must also be 

satisfied: 

M = (A1-A2)/A1 (3) 

[0015] However, the p value and the a value fluctuate 
depending on the type difference between optical disks, 
the pulse strategy, the characteristic variations, etc., of 
the optical systems and electronic elements contained 
in pickups and thus, if the emission power of the semi- 
conductor laser is previously adjusted based on the p 
value and the a value by the power calibration described 
above, the modulation depth may not be provided and 
when record pits are formed at the essential information 
recording time and the information is reproduced, the 
modulation depth. is degraded and jitter, etc., accompa- 
nying the degradation of the modulation depth occurs in 
the reproduction signal; this is a problem. That is, it may 
become difficult to optimize the emission power of the 
semiconductor laser with good accuracy as the power 
calibration based on the p value and the a value in the 
related art is executed. 

[001 6] It is therefore an object of the invention to pro- 
vide an optica! information record apparatus and an op- 
tical information record method for making it possible to 
overcome the above-described problems and recording 
and fomning pits in appropriate fomri. 
[0017] It is another object of the invention to provide 
an information record medium recording control infor- 
mation to record and fomn pits in appropriate tomi tor 
controlling an electronic machine based on the control 
infonnation. 

[0018] To the ends, according to the invention, there 
is provided an information record apparatus tor adjust- 
ing power of write light onto an optical information record 
medium, the information record apparatus comprising a 
light source tor emitting the write light, a power adjust- 
ment section for adjusting the emission power of the 
write light, a write section for fonning record pits in the 
optical infomnation record medium by applying write light 
of different powers emitted from the light source, a fea- 
ture extraction section for optically reproducing the 
record state containing the record pits formed by apply- 
ing the write light of different powers from the optical in- 
formation record medium in which the record pits are 
fomned and extracting feature information of the record 



state tor each of the record pits formed by applying the 
write light of different powers based on the signal wave- 
form provided by optically reproducing the record state, 
a detection section tor detecting the modulation depth 
5 of the write light for each of the different powers based 
on the signal waveform provided by optically reproduc- 
ing the record state, a selection section for selecting the 
power of the write light corresponding to the modulation 
depth of a larger value than a predetermined threshold 
10 value, of the modulation depths delected by the detec- 
tion section, and a determination section for selecting 
the feature infomnation corresponding to the power of 
the light write selected by the selection section from 
• among the feature information extracted by the feature 
15 extraction section and determining that the power of the 
write light corresponding to the feature information clos- 
est to target feature infonnation of a predetermined 
record state, of the selected feature information is ap- 
propriate write light power, characterized in that the 
20 power adjustment section adjusts the emission power 
of the light source based on the write light power deter- 
mined to be appropriate by the determination section. 
[0019] According to the information record apparatus 
having the configuration, each actually provided modu- 
25 lation depth is compared with the predetermined thresh- 
old value and the emission power {write light power) cor- 
responding to the modulation depth of a larger value 
than the modulation depth and corresponding to the fea- 
ture infonnation closest to the target feature information 
30 is determined appropriate write light power, whereby 
power calibration is conducted. 

[0020] According to the invention, there is provided 
an information record apparatus for adjusting power of 
write light onto an optical infonnation record medium, 
35 the infonnation record apparatus comprising a light 
source for emitting the write light, a power adjustment 
section for adjusting the emission power of the write 
light, a write section for forming record pits in the optical 
information record medium by applying write light of dif- 
40 ferent powers emitted from the light source, a feature 
extraction section for optically reproducing the record 
state containing the record pits formed by applying the 
write light of different powers from the optical informa- 
tion record medium in which the record pits are formed 
45 and extracting feature infonnation of the record state tor 
each of the record pits formed by applying the write light 
of different powers based on the signal waveform pro- 
vided by optically reproducing the record stale, a detec- 
tion section for detecting the modulation depth of the 
50 write light for each of the different powers based on the 
signal wavetomn provided by optically reproducing the 
record state, a selection section for selecting the power 
of the write light corresponding to the feature information 
in a predetennined range, of the feature information ex- 
55 tracted by the feature extraction section, and a determi- 
nation section for determining that the power of the write 
light, of the powers of the write light selected by the se- 
lection section, corresponding to the modulation depth 
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of the largest value, of the modulation depths detected 
by the detection section is appropriate write light power, 
characterized in that the power adjustment section ad- 
justs the emission power of the light source based on 
the write light power determined to be appropriate by 
the determination section. 

[0021] According to the infonnation record apparatus 
having the configuration, the emission power (write light 
power) corresponding to the feature information in the 
predetermined range, of actually provided feature infor- 
mation and corresponding to the modulation depth of 
the largest value, of the. emission power is determined 
appropriate write light power whereby power calibration 
is conducted. 

[0022] According to the invention, there is provided 
an information record method for adjusting power of 
write light onto an optical information record medium, 
the information record method comprising the steps of 
forming record pits in the optical information record me- 
dium by applying write light of different powers emitted 
from a light source, optically reproducing the record 
state containing the record pits formed by applying the 
write light of different powers from the optical infonma- 
tion record medium in which the record pits are formed 
and extracting feature information of the record state for 
each of the record pits formed by applying the write light 
of different powers based on the signal waveform pro- 
vided by optically reproducing the record state, detect- 
ing the modulation depth of the write light for each of the 
different powers based on the signal waveform provided 
by optically reproducing the record state, selecting the 
power of the write light corresponding to the modulation 
depth of a larger value than a predetermined threshold 
value, of the detected modulation depths, selecting the 
feature information corresponding to the selected write 
light power from among the extracted feature infomna- 
tion and determining that the power of the write light cor- 
responding- to the feature infomnation closest to target 
feature information of a predetemnined record state, of 
the selected feature ihf omnation is appropriate write light 
power, and adjusting the emission power of the light 
source based on the write light power determined to be 
appropriate. 

[0023] According to the infonnation record method, 
each actually provided modulation depth is compared 
with the predetermined threshold value and the emis- 
sion power (write light power) corresponding to the mod- 
ulation depth of a larger value than the modulation depth 
and corresponding to the feature information closest to 
the target feature information is detemnined appropriate 
write light power, whereby power calibration is conduct- 
ed. 

[0024] According to the invention, there is provided 
an information record method for adjusting power of 
write light onto an optical information record medium, 
the information record method comprising the steps of 
forming record pits In the optical information record me- 
dium by applying write light of different powers emitted 



from a light source, optically reproducing the record 
state containing the record pits fomned by applying the 
write light of different powers from the optical informa- 
tion record medium in which the record pits are formed 
5 and extracting feature infonnation of the record state for 
each of the record pits formed by applying the write light 
of different powers based on the signal wavefomn pro- 
vided by optically reproducing the record state, detect- 
ing the modulation depth of the write light for each of the 
10 different powers based on the signal wave form provid- 
ed by optically reproducing the record state, selecting 
the power of the write light corresponding to the feature 
information in a predetermined range, of the extracted 
feature information, detemiining that the power of the 
15 write light, of the selected write light powers, corre- 
sponding to the modulation depth of the largest value, 
of the detected modulation depths is appropriate write 
light power, and adjusting the emission power of the light 
source based on the write light power determined to be 
20 appropriate. 

[0025] According to the information record method, 
the emission power (write light power) corresponding to 
the feature information in the predetermined range, of 
actually provided feature information and corresponding 
25 to the modulation depth of the largest value, of the emis- 
sion power is detennined appropriate write light power, 
whereby power calibration is conducted. 
[0026] According to the invention, there is provided 
an information record medium recording control infor- 
30 mation for controlling an infonnation record apparatus 
for recording information by applying write light emitted 
from a light source to an optical information record me- 
dium, the control information for adjusting power of the 
write light, the control information for controlling the in- 
35 formation .record apparatus, thereby emitting write light 
of different powers from the light source for forming 
record pits in the optical information record medium, and 
optically reproducing the record state containing the 
. record pits formed by applying the write light of different 
40 powers from the optical information record medium in 
which the record pits are formed, extracting feature in- 
formation of the record state for each of the record pits 
formed by applying the write light of different powers 
based on the signal waveform provided by optically re- 
45 producing the record state, delecting the modulation 
depth of the write light for each of the different powers 
based on the signal wavefomn provided by optically re- 
producing the record state, selecting the power of the 
write light corresponding to the modulation depth of a 
50 larger value than a predetennined threshold value, of 
the detected modulation depths, selecting the feature 
information corresponding to the selected write light 
power from among the extracted feature information 
and determining that the power of the write light corre- 
55 Spending to the feature information closest to target fea- 
ture information of a predetermined record state, of the 
selected feature information is appropriate write light 
power, and adjusting the emission power of the light 
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source based on the write light power determined to be 
appropriate. 

[0027] According to the information record medium, if 
the recorded control information is executed in an elec- 
tronic machine such as a personal computer it is made 
possible to emulate the function of the information 
record apparatus implemented as hardware. 
[0028] According to the invention, there is provided 
an information record medium recording control infor- 
mation for controlling an information record apparatus 
for recording information by applying write light emitted 
from a light source to an optical information record me- 
dium, the control information tor adjusting power of the 
write light, the control information for controlling the in- 
formation record apparatus, thereby emitting write light 
of different powers from the light source for forming 
record pits in the optical information recordmedium, and 
optically reproducing the record state containing the 
record pits formed by applying Ihe write light of different 
powers from the optical information record medium in 
which the record pits are formed, extracting feature in- 
formation of the record state for each of the record pits 
fonned by applying the write light of different powers 
based on the signal waveform provided by optically re- 
producing the record state, detecting the modulation 
depth of the write light for each of the different powers 
based on the signal waveform provided by optically re- 
producing the record state, selecting the power of the 
write light corresponding to the feature infonnation In a 
predetermined range, of the extracted feature infonna- 
tion. determining that the power of the write light, of the 
selected write light powers, corresponding to the mod- 
ulation depth of the largest value, of the detected mod- 
ulation depths is appropriate write light power, and ad- 
justing the emission power of the light source based on 
the write light power detemnined to be appropriate. 
[0029] Also according to the information record medi- 
um, if the recorded control information is executed in an 
electronic machine such as a personal computer, it is 
made possible to emulate the function of the information 
record apparatus implemented as hardware. 

In the Drawings; 

[0030] FIG. 1 is a block diagram to show the configu- 
ration of an information record apparatus of a first em- 
bodiment of the invention. 

[0031] FIG. 2 is a drawing to show data stored in a 
storage section in the first embodiment of the invention. 
[0032] FIG. 3 is a drawing to show the format of a cal- 
ibration area of CD-R. 

[0033] FIG. 4 is a flowchart to describe the operation 

of the first embodiment of the invention. 
[0034] FIG. 5 is a drawing to show modulation depth 
data pieces generated in the first embodiment of the in- 
vention in a one-to-one correspondence with emission 
power steps. 

[0035] FIG. 6 is a drawing to describe the operation 



for selecting a predetermined modulation depth based 
on modulation depth threshold value data from among 
the actual modulation depths generated in the first em- 
bodiment of the invention. 
5 [0036] FIG. 7 is a drawing to describe the operation 
for determining the optimum emission power in the first 
embodiment of the invention. 

[0037] FIG. 8 is a drawing to show data stored in a 
storage section in a second embodiment of the inven- 
10 tion. 

[0038] FIG. 9 is a flowchart to describe the operation 
of the second embodiment of the invention. 
[0039] FIG. 1 0 is a drawing to describe the operation 
for selecting a predetermined p value based on p value 

15 range data from among the actual p values generated 
in the second embodiment of the invention. 
- [0040] FIG. n is a drawing to describe the operation 
for determining the optimum emission power in the sec- 
ond embodiment of the invention. 

20 [0041] FlGs. 12A to 12C are drawings to describe a 
calculation method of a p value. 

[0042] FIG. 13 is a drawing to describe a calculation 
method of a value of asymmetry. 

[0043] Referring now to the accompanying drawings, 
25 there are shown preferred embodiments of the inven- 
tion. 

[0044] FIG. 1 is a block diagram to show the configu- 
ration of an information record apparatus 1 of a first em- 
bodiment. 

30 [0045] In the figure, the information record apparatus 
1 comprises a spindle motor 2. a pickup 3, and a car- 
riage 4 on which the pickup 3 is mounted. 
. [0046] The spindle motor 2 is spindle-servoed by a 
servo circuit 5 and rotates a write-once or rewritable op- 

35 tical disk DSK placed at a clamp position at a predeter- 
mined linear speed. 

[0047] The pickup 3 comprises a semiconductor laser 
(not shown), an optical system (not shown) comprising 
an object lens, and a photodetector (not shown) formed 

40 of a photodiode, etc. 

[0048] To record information, write laser light of pre- 
determined power optimized by light pulse strategy is 
emitted from the semiconductor laser and is made to 
converge by the optical system, whereby a write light 

45 beam is generated, and a spot of the write light beam is 
applied to the optical disk DSK through the object lens 
for forming a record pit in .a record film of the optica! disk 
DSK. 

[0049] When infomnation is reproduced, read laser 
50 light of predetermined power is emitted from the semi- 
conductor laser and is made to converge by the optical 
system, whereby a read light beam is generated, and a 
spot of the read light beam is applied to the optical disk 
DSK through the object lens. Reflected light from the 
55 optical disk DSK is gathered by the optical system and 
the photodetector executes photoelectric conversion of 
the reflected light and supplies the conversion result to 
an RF amplification section 7. which then generates an 
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information detection signal of the optical disk DSK, 
which will be hereinafter referred to as HF signal, and 
supplies the signal to an HF signal feature extraction 
section 6, a nnodulation depth detection section 16. and 
an already recorded part detection section 17. 
[0050] The carriage 4 Is carrlage-servoed by the ser- 
vo circuit 5 and moves the pickup 3 in the direction of 
the radius of the optical disk DSK. 
[0051] The pickup 3 is provided with an actuator (not 
shown) for driving the object lens contained in the optical 
system and the servo circuit 5 controls the actuator, 
thereby performing focus sen^o and tracking servo. 
[0052] In addition to the HF signal feature extraction 
section 6, the RF amplification section 7, the modulation 
depth detection section 16, and the already recorded 
part detection section 17, the infomnatlon record appa- 
ratus 1 further comprises a decoder section 8, an output 
section 9, an input section 1 0, an encoder section 11 , a 
record power adjustment section 12, a system conlroller 
1 3, a storage section 14. and an operation/display sec- 
tion 15. 

[0053] The system controller 1 3 has a microprocessor 
or microprocessing unit (MRU) and performs centralized 
control of the whole operation of the information record 
apparatus 1 in addition to control of power calibration 
described later by executing a predetermined system 
program. 

[0054] The storage section 1 4 is implemented as non- 
volatile memory of SRAM etc., and stores n pieces of 

variable data (Dc1 k. Dc2k, Dcnk) to variably set the 
emission power of the semiconductor laser at n steps. 
In the embodiment, n=15 steps. 

[0055] Further, the storage section 14 stores target P 
value data pk and modulation depth threshold value da- 
ta THDk for each optical disk DSK type k, as shown in 
FIG. 2. 

[0056] Here, the target p value data (3k is data Indicat- 
ing each p value when calculation of the expression (1) 
shown above is performed based on the HF signal re- 
corded in a state in which the record state of each type 
of optical disk satisfies the predetennined specification 
and a sufficient margin is taken for variations in record 
state; the target p value data pk is previously found by 
experiment. 

[0057] As for the modulation depth Threshold value 
data THDk, as the target p value data pk is found, cal- 
culation of the expression (3) shown above is performed 
based on the HF signal recorded in a state in which the 
record state of each type of optical disk satisfies the pre- 
determined specification and a sufficient margin is taken 
for variations in record state to find target modulation 
depth MMk. and the modulation depth of a smaller value 
than the target modulation depth MMk by a predeter- 
mined value mk (MMk-mk) is adopted as the modulation 
depth threshold value data THDk. The letter k denotes 
the optical disk type. 

[0058] The operation/display section 1 5 comprises an 
operation section for the user to perfomn entry operation 



of starting to record information, etc., and a display sec- 
tion for displaying the operation status, an operation 
menu, etc., of the infomnation record apparatus 1. 
[0059] The input section 10 performs preprocessing 

5 of converting an external input signal Sin at the informa- 
tion recording time Into digital input data Din, etc., and 
the encoder section 1 1 EFM-modulates the digital input 
data Din, etc., thereby generating record data DWT. 
[0060] The record power adjustment section 12 gen- 

10 erates an optimum pulse by light pulse strategy from the 
record data DWT, generates a current Id of a pulse train 
based on the optimum pulse, and supplies the current 
Id to the semiconductor laser in the pickup for emitting 
write laser light. 

15 [0061] When information is recorded, the record pow- 
er adjustment section 12 generates the current Id of a 
pulse train by the light pulse strategy and drives the 
semiconductor laser in the pickup, thereby emitting 
pulse-like write laser light; when information is repro- 

20 duced, the record power adjustment section 1 2 supplies 
a current Id of a constant value to the semiconductor 
laser, thereby emitting read laser light of constant power. 
[0062] When a photoelectric conversion signal Sdt is 
input from the photodetector placed in the pickup 3 to 

25 the RF amplification section 7, the RF amplification sec- 
tion 7 outputs an HF signal SHF and the HF signal fea- 
ture extraction section 6 AC-couples the HF signal SHF 
and detects levels. 

[0063] That is, top peak level a1 corresponding to the 
30 potential difference between the potential indicating the 
strength of reflected light from a land where no record 
pit is formed and the potential of AC ground GND and 
bottom peak level a2 corresponding to the potential dif- 
ference between the potential indicating the strength of 
35 reflected light from a record pit and the potential of AC 
ground GND are detected, as shown in FIG. 12A, and 
detection data DHF is supplied to the system controller 
13. 

[0064] The system controller 1 3 perfomns calculation 
40 of the expression (1 ) shown above based on the detec- 
tion data DHF to find a p value. That is, trial write (de- 
scribed later) is executed onto the optica! disk DSK and 
based on the wavefomn of the HF signal SHF provided 
by reproducing information from the optical disk DSK, 
' 45 the feature information is supplied to the system con- 
troller 13 as the detect ion data DHF and the feature 
information of the record slate of the optical disk DSK is 
found as the p value. 

[0065] The RF amplification section 7 generates an 
50 RF signal SRF from the generated HF signal SHF and 
supplies the RF signal SRF to the decoder section 8, 
which then perfomis processing of EFM demodulation, 
etc., for the RF signal SRF and supplies the result to the 
output section 9, which then performs processing of 0/ 
55 A conversion, etc., for the data from the decoder section 
8 and outputs an output signal Sout. 
[0066] The RF amplification section 7 generates an 
error signal of a focus error, a tracking error, and the like 
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from the photoelectric conversion signal Sdt and sup- 
plies the error signal to the servo circuit 5. whereby var- 
ious servos such as focus seivo and tracking servo are 
performed. 

[0067] The modulation depth detection section 1 6 de- 
tects lop peak level A1 of the waveform of the HF signal 
3I_IP fj-opn the RF amplification section 7 and bottom 
peak level A2. as shown in FIG. 13, and supplies delec> 
tion data DRF to the system controller 13. 
[0068] The system controller 13 performs the calcu- 
lation of the expression (3) shown above based on the 
detection data DRF. thereby finding actual modulation 
depth. 

[0069] The already recorded part detection section 1 7 
detects the level ol the amplitude of the HF signal SHF . 
from the RF amplitication section 7 and compares the 
detected level with a previously defined level and then 
discriminates an unrecorded ponion and an already re- 
corded portion from each other based on the compari- 
son result. 

[0070] Next, the operation of the described infonna- 
tion record apparatus 1, mainly the operation for per- 
forming power calibration to optimize the emission pow- 
er of the semiconductor laser placed in the pickup 3 will 
be discussed. The power calibration operation for re- 
cording infonnation on CD-R will be discussed as a typ- 
ical example. 

[0071] First, as shown in FIG. 3. in CD-R, a power cal- 
ibration area PCA is previously allocated to a portion on 

the disk center side (at the inner radius of the optica! 
disk) from a read-in area, and is made up of a test area 
TA and a count area CA. 

[0072] The test area TA is provided for forming a 
record pit as trial write by write laser light of each power 
when the emission power P of the semiconductor laser 
is changed at n steps. 

[0073] On the other hand, in the count area CA, one 
frame is recorded in one trial write to count the number 
of records already made In the test area TA. 
[0074] FIG. 4 is a flowchart to describe the power cal- 
ibration operation. When the user gives a record start 
command, power calibration is conducted under the 
control of the system controller 13. 
[0075] In the figure, first the pickup 3 is moved to the 
count area CA (step S100). Next, the HF signal SHF is 
input to the already recorded part detection section 17 
and a provided detection signal is used to reproduce the 
count area CA, thereby checking an already recorded 
part (step S102). 

[0076] Next, a search is made for the top position to 
record one frame from one frame before the portion 
wherein data is already recorded in the count area CA. 
That is, the start is located (step S104). 
[0077] Next, the information record apparatus 1 is set 
to an information record mode and to count the number 
of use times of the test area TA, one frame length is re- 
corded in the count area CA (step S106) and then the 
infonnation record apparatus 1 is again set to an infor- 



mation reproduction mode before the pickup 3 ismoved 
to the location of the test area TA corresponding to the 
above-mentioned frame recorded in the count area CA 
(step S108). 

5 [0078] Next, at step S110, the infonnation record ap- 
paratus 1 is again set to the information record moce 
and the system controller 13 acquires n variable 
pieces corresponding to the CD-R stored in the storage 
section 14 (Dc1 1, Dc21, .... Dcnl) and supplies the varia- 

10 ble data pieces (Dc1 L Dc2l, Dcnl) tothe record power 
adjustment section 12 in order every predetermined 
time, whereby the emission power P of the semiconduc- 
tor laser is varied in the order of Pclk. Pc2k. .... Pcnk 
and record pits at n steps are recorded and formed in 

15 the test area TA. 

[0079] Next, at step S1 12, the infonnation record ap- 
paratus Vis again set to the information reproduction 
mode and the pickup 3 is moved to the location where 
the record pits at n steps are recorded, and information 

20 is reproduced, whereby information of the record pits 
formed as trail write is detected. 

[0080] Here, the HF signal feature extraction section 
6 detects the levels of the waveform of the HF signal 
SHF, detects the top peak level a1 corresponding to the 
25 potential difference between the potential indicating the 
strength of reflected light from a land where no record 
pit is formed and the potential of AC ground GND and 
the bottom peak level a2 corresponding tothe potential 
difference between the potential indicating the strength 
30 of reflected light from a record pit and the potential of 
AC ground GND, and supplies the detection data DHF 
indicating the detection results to the system controller 
13, as described above. The detection data DHF indi- 
cating the top peak level a1 and the bottom peak level 
35 a2 corresponding to the potential difference between 
the potential indicating the strength of reflected light 
from the record pit and the potential of AC ground GND 
is supplied to the system controller 13 for each of the 
record pits. at the n steps. 
40 [0081] Further, the modulation depth detection sec- 
tion 1 6 supplies the detection data DRF of the top peak 
level A1 and the bottom peak level A2 of the HF signal 
SHF to the system controller 13 for each of the record 
pits at the n steps. 
45 [0082] Next, at step S114, the system controller 13 
calculates actual n modulation depths M1k to Mnk 
based on the detection data DRF at the n steps. Accord- 
ingly, a distribution curve of the modulation depths M1 k 
to Mnk as shown in FIG. 5 is provided. 
50 [0083] Next, at step 8116, the modulation depth 
threshold value data THD1 corresponding to the CD-R 
is acquired from the storage section 14 and a modula- 
tion depth of a larger value than the value of the modu- 
lation depth threshold value data THD1 is selected from 
55 among the modulation depths M1k to Mnk and further 
the emission power corresponding to each, selected 
modulation depth is selected. 

[0084] More particularly, as shown in FIG. 6. the mod- 
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ulation depth distribution curve provided from the actual 
modulation depths M1k to Mnk is compared with the 
modulation depth threshold value data THD1 and emis- 
sion powers Ps to Pcnk contained in the range of the 
modulation depths larger than the modulation depth 
threshold value dataTHDI are selected and further the 
variable data pieces corresponding to the emission 
powers Ps to Pcnk are selected from among the variable 
data pieces (Del I, Dc2L Dcnl) of the CD-R. 
[0085] Next, at step S118, the calculation of the ex- 
pression (1) shown above is performed based on each 
detection data DHF provided corresponding to the se- 
lected variable data pieces (namely, the variable data 
pieces corresponding to the emission powers Ps to Pc- 
nk), thereby finding the |3 value for each power. For ex- 
ample, if the variable data pieces corresponding to the 
emission powers Ps to Pcnk are Dc7k to Dcnk. the p 
values corresponding to the variable data pieces Dc7k 
to Dcnk are calculated based on each detection data 
DHF provided corresponding to the variable data pieces 
Dc7k to Dcnk. 

[0086] Next, at step SI 20, the target p value data pi 
corresponding to the CD-R is acquired from the storage 
section 1 4 and as shown in FIG. 1 , each of the p values 
corresponding to the selected emission powers Ps to 
Pcnk is compared with the target p value data pi (name- 
ly^ pk=p1) and the p value of the value closest to the 
target p value data p1 is selected. The emission power 
corresponding to the p value of the value closest to pi 
is detemnined optimum emission power Popt and further 
one variable data piece corresponding to the optimum 
emission power Popt is selected from among the varia- 
ble data pieces (Dc1l, Dc2l, Dcnl) of the CD-R. The 
selected variable data piece is adopted as the data to 
set the optimum emission power (optimum data). 
[0087] Next, at step S122, the optimum data is stored 
in the storage section 1 4 as history data and then is sup- 
plied to the record power adjustment section 1 2, where- 
by an instruction is given so as to adjust the drive current 
Id based on the optimum data when actual information 
recording is executed, the pickup 3 is moved to the pro- 
gram area of the optical disk DSK, and a wait is made 
until actual information recording is started. The power 
calibration is now complete. 

[0088] Although the emission power P of the semicon- 
ductor laser is optimized based simply on the p value in 
the related art, as described above, according to the em- 
bodiment, each actually provided modulation depth is 
compared with predetermined modulation depth thresh- 
old value THDk and the emission power P correspond- 
ing to the modulation depth of a larger value than the 
modulation depth threshold value THDk and providing 
the p value of the value closest to the target p value is 
determined the optimum emission power Popt for opti- 
mization, so that the emission power P can be optimized 
with extremely high accuracy as compared with the re- 
lated art. 

[0089] Further, if the characteristics of the compo- 



nents of the semiconductorlaser the optical system, the 
photodetector. etc.. of the pickup 3 fluctuate due to a 
secular variation, etc. , according to the embodiment, the 
emission power of the semiconductor laser can be op- 
5 timized in confomnity with the actual situation. 

[0090] Further, the power calibration for CD-R has 
been described as a typical example, but optimum pow- 
er calibration can also be conducted for other types of 
optical disks. 

to [0091 ] Further even for the same type of optical disks, 
generally the circumstances at the information record- 
ing time vary from one optical disk to another in re- 
sponse to manufacturing variations at the manufactur- 
ing time, the operating environment of the user, etc. 

t5 However, according to the embodiment, the emission 
power of the semiconductor laser is optimized in re- 
sponse to the actual circumstances and thus can be op- 
timized in conformity with the actual situation. 
[0092] In the description given above, the p value is 

20 adopted as the optimization condition, but the invention 
is not limited to It. The value of asymmetry (a value) pre- 
viously described with reference to FIG. 13 may be ap- 
plied as the feature information for optimization in place 
of the p value. In this case, the target p value data is 

25 previously stored in the storage section 1 4 as the target 
a value data and the power calibration is executed by 
applying the target a value data to the processing shown 
in FIGS. 4 to 7. 

[0093] Next, a second embodiment of the invention 
30 will be discussed with reference to FIGS. 8 and 1 1 . The 
configuration of an information record apparatus of the 
embodiment is similar to that previously described with 
reference to FIG. 1 and therefore will not be discussed 
again. 

35 [0094] In the embodiment, as shown In FIG. 8, target 
modulation depth data Mk and p value range data Wk 
corresponding to various optical disk types are previ- 
ously stored in the storage section 14 shown in FIG. 1 
for each optical disk DSK type k. 

40 [0095] Here, the target modulation depth data Mk is 
data indicating each modulation depth when calculation 
of the expression (3) shown above is performed based 
on the HF signal recorded in a state in which the record 
state of each type of optical disk satisfies the predeter- 

45 mined specification and a sufficient margin is taken for 
variations in record state; the target modulation data Mk 
is previously found by experiment. 
[0096] As for the P value range data Wk, as the target 
modulation depth data Mk is found, calculation of the 

50 expression (1) shown above is performed based on the 
HF signal recorded in a state in which the record state 
of each typo of optical disk satisfies the predetermined 
specification and a sufficient margin is taken for varia- 
tions in record state to find each target p value, and the 

55 p value range data Wk is data indicating the range of P 
values in a predetemnined range containing the target p 
values . The p value range data Wk is found by experi- 
ment for each optica! disk type k and is recorded. 



8 



15 



EP 1 197 959 A2 



16 



[0097] FIG. 9 is a flowchart to describe the operation 
for conducting power calibration for CD-R as a typical 
example. 

[0098] In the figure, when the user gives an informa- 
tion record start command, power calibration is started. 
First, a pickup 3 is moved to the count area CA shown 
in FIG. 3 (step S200), and an already recorded part is 
checked by performing the above-described reproduc- 
tion operation (step S202). 

[0099] Next, a search is made for the top position to 
record one frame from one frame before the portion 
wherein data is already recorded in the count area CA 
for locating the start (step S204). 
[0100] Next, the information record apparatus 1 is set 
to an information record mode and one frame length is 
recorded in the count area CA (step S206) and then the 
information record apparatus 1 is again set to an infor- 
mation reproduction mode before the pickup 3 is moved 
to the location of the lesl area TA corresponding to the 
frame recorded in the count area CA (step S208). 
[0101] Next, the information record apparatus 1 is 
again'set to the information record mode and a system 
controller 13 acquires n variable data pieces corre- 
sponding to the CD-R stored in the storage section 14 
(Dc1L Dc2L Dcnl) and supplies the variable data 
pieces (Dell, Dc2l, Dcnl) to a record power adjust- 
ment section 12 in order every predetermined time, 
whereby the emission power P of the semiconductor la- 
ser is varied in the order of Pc1k, Pc2k, Pcnk and 
record pits at n steps are recorded and formed in the 
test area TA (step S210). 

[0102] Next, the information record apparatus 1 is 
again set to the information reproduction mode and the 
pickup 3 is moved to the location where the record pits 
at n steps are recorded, and information is reproduced, 
whereby information of the record pits formed as trail 
write is detected (S21 2). 

[0103] Accordingly, detection data DHF indicating top 
peak level a1 and bottom peak level a2 corresponding 
to the potential difference between the potential indicat- 
ing the strength of reflected light from a record pit and 
the potential of AC ground GND is supplied to the sys- 
tem controller 13 for each of the record pits at the n 
steps, and further a modulation depth detection section 
1 6 supplies detection data DBF of top peak level A1 and 
bottom peak level A2 of HF signal SHF to the system 
controller 13 for each of the record pits at the n steps. 
[01 04] Next, the system controller 1 3 calculates actu- 
al n p values pik to pnk based on the detection data 
DHF at the n steps (step S21 4). Accordingly, a distribu- 
tion curve of the p values as shown in FIG. 1 0 is provid- 
ed. 

[0105] Next, at step S216, the P value range data W1 
corresponding to the CD-R is acquired from the storage 
section 14 and a p value contained in the range of the 
P value range data W1 (Wk= W1 ) is selected from among 
the calculated p values pi k to Pnk. Further, as shown in 
FIG. 10. emission powers Pa to Pb of semiconductor 



laser contained in the range of the p value range data 
W1 are selected and the variable data pieces corre- 
sponding to the inside of the range of the emission pow- 
ers Pa to Pb are selected from among the variable data 

5 pieces (Dc1 1, Dc2l Dcnl) of the CD-R. 

[0106] Next, at step S218, the modulation depths cor- 
responding to the emission powers Pa to Pb are calcu- 
lated based on the detection data DRF of the top peak 
level A1 and the bottom peak level A2 provided from the 

10 HF signal SHF for each of the emission powers Pa to 
Pb selected. 

[01 07] Next, at step S220, the emission power show- 
ing the largest modulation depth is selected from among 
the modulation depths corresponding to the emission 

15 powers Pa to Pb selected , as shown in FIG. 11 . 

[0108] The predetennined target modulation depth 
data M1 corresponding to the CD-R may be acquired 
from the storage section 14 and each of the modulation 
depths corresponding to the selected emission powers 

20 Pa to Pb may be compared with the target modulation 
depth data Ml (Mk=M1) and the modulation depth of the 
value closest to the target modulation depth data Ml 
may be selected. If the modulation depth of the closest 
value is smaller than the target modulation depth data 

25 M1, the modulation depth of a value larger than and 
closest to the target modulation depth data M1 may be 
selected. Further, the modulation depth of a value larger 
than the target modulation depth data Ml may be se- 
lected. 

30 [0109] The emission power corresponding to the se- 
lected modulation depth is determined optimum emis- 
sion power Popt and further one variable data piece cor- 
responding to the optimum emission power Popt is se- 
lected from among the variable data pieces (Dell, 

35 Dc2l, Dcnl) of the CD-R. The selected variable data 
piece is adopted as the data to set the optimum emission 
power (optimum data). 

[0110] Next, at step S222, the optimum data is stored 
in the storage section 14 as history data and then issup- 

40 plied to the record power adjustment section 12, where- 
by an instruction is given so as to adjust a drive current 
Id based on the optimum data when actual information 
recording is. executed, the pickup 3 is moved to the pro- 
gram area of the optical disk DSK, and a wait is made 

45 until actual information recording is started. The power 
calibration is now complete. 

[0111] Although the emission power P of the semicon- 
ductor laser is optimized based simply on the p. value in 
the related art, as described above , accordi ng to the em- 

50 bodiment, a p value contained in the range of the p value 
range data Wk is selected from among the actually pro- 
vided p values and the emission power P corresponding 
to the selected p value and providing the target modu- 
lation degree data Mk is determined the optimum emis- 

55 sion power Popt for optimization, so that the emission 
power P can be optimized with extremely high accuracy 
as compared with the related art. 
[0112] Also in the embodiment, the P value Is adopted 
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as the oplimi7alioncondition, but the invention is not lim- 
ited 10 it The value of asymmetry (cx value) may be ap- 
plied as the feature infomnation for optimization in place 

of the p value. 

[0113] The tirsi and second embodiments may be 
combined whenever necessary. 

[0114] That is, in the first embodiment, one modula- 
tion depth threshold value data THDk is predetermined 
for each type o\ optical disk and the emission powers 
Ps to Pcnk corresponding to the actual modulation 
depths of larger values than the modulation depth 
threshold value data THDk are adopted as the selection 
range as shown in FIG. 6. However basedon the con- 
cept similar to that of the (3 value range data Wk de- 
scribed in the second embodiment, the above-de- 
scribed modulation depth threshold value data THDk 
may be replaced with modulation depth range data 
WTHDk representing a predetermined selection range 
and the emission power corresponding to the actual 
modulation depth corresponding to the inside of the 
range of the modulation depth range data WTHDk may 
be selected. 

[0115] In the second embodiment, the P value range 
data Wk is predetermined for each type of optical disk 
and the emission powers Pa to Pb corresponding to the 
actual p values corresponding to the inside of the p value 
range data Wk are selected, as shown in FIG. 1 0. How- 
ever, based on the concept similar to that of the modu- 
lation depth threshold value data THDk described in the 
first embodiment, the above-described p value range 
data Wk may be replaced with predetermined p value 
threshold value data pTHDk and the emission powers 
Ps to Pcnk corresponding to the actual p values of larger 
values than the P value threshold value data pTHDk may 
be adopted as the selection range. 
[01 1 6] Further, in the first or second embodiment, the 
information record apparatus implemented as hardware 
has been described, but the invention is not limited to it. 
For example, the hardware configuration of the informa- 
tion record apparatus of the first or second embodiment 
may be implemented as a computer program (emulator) 
and an electronic machine containing a microprocessor, 
such as a personal computer may be controlled based 
on the computer program for delivering functions equal 
to those of the information record apparatus implement- 
ed as hardware. 

[01 1 7] The computer program may be recorded on an 
infonnation record medium, such as CD (compact disk) 
or DVD (digital video disk or digital versatile disk), as an 
application file and the application file may be installed 
in or downloaded into an electronic machine such as a 
personal computer capable of playing back the informa- 
tion record medium for executing the computer pro- 
gram. 

[0118] As described above, according to the inven- 
tion, each actually provided modulation depth is com- 
pared with the predetermined threshold value and the 
• emission power (write light power) corresponding to the 



modulation depth of a larger value than the modulation 
depth and corresponding to the feature information clos- 
est to the target teature information is determined ap- 
propriate write light power, whereby power calibration is 

5 conducted. Thus, extremely high-accuracy and appro- 
priate power calibration .is made possible as compared 
with power calibration conducted based on the P value 
or the value of asymmetry in the related art. 
[0119] According to the information record apparatus 

10 having the configuration, the emission power (write light 
power) corresponding to the feature infonnation in the 
predetermined range, of actually provided feature infor- 
mation and corresponding to the modulation depth of 
the largest value is determined appropriate write light 

15 power, whereby power calibration is conducted. Thus, 
extremely high-accuracy and appropriate power calibra- 
tion is made possible as compared with power calibra- 
tion conducted based on the p value or the value of 
asymmetry in the related art. 

20 [0120] Accordingly, for example, when information is 
reproduced with a playback-only pickup with the modu- 
lation depth made lower than that of a. write pickup be- 
cause of the difference in the numerical aperture (NA) 
of a lens placed in pit read pickup or if worsening, etc., 

25 of a reproduction (playback) condition such as dirt or 
secular degradation of the lens of the read pickup, per- 
formance variations, adjustment variations, etc., occurs, 
information can be recorded under a better condition of 
the modulation depth and thus it is made possible to 

30 suppress the defective condition of playability of a re- 
cordable optical information record medium. 



Claims 

35 

1 . An information record apparatus for adjusting emis- 
sion power of write light onto an optical information 
record medium, the information record apparatus 
comprising: 

40 

a light source for emitting a plurality of write light 
each different in emission power; 
a power adjustment section for adjusting the 
emission power of each ot the plurality of write 

45 light; 

a write section for applying the plurality of write 
light to form a plurality of record pits in the op- 
tical information record medium; 
a feature extraction section for optically repro- 

50 ducing a record state containing the record pits 

to produce a signal waveform, the feature ex- 
traction section for extracting feature informa- 
tion of the record state for each of the record 
pits based on the signal waveform; 

55 a detection section for detecting a modulation 

depth of each of the plurality of the write light 
based on the signal waveform; 
a selection section for selecting power of the 
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write light corresponding to the modulation 
depth of a larger value than a predetermined 
threshold value; and 

a determination section for selecting the fea- 
ture information corresponding to the power of 5 
the light write selected by the selection section 
from among the feature information extracted 
by the feature extraction section, the determi- 5, 
nation section for determining thai the power of 
the write light corresponding to the feature in- io 
formation closest to target feature information 6. 
of a predetermined record state, of the selected 
feature information is appropriate write light 
power. 

15 7 

wherein the power adjustment section adjusts 

the emission power of the light source based on the 
power of the write light determined to be appropriate 
by the determination section. 

20 

2. The information record apparatus as claimed in 
claim 1 wherein the feature information is a p value. 

3. The information record apparatus as claimed in 
claim 1 wherein the feature information is a value 25 
of asymmetry. 

4. An information record apparatus for adjusting emis- 
sion power of write light onto an optical information 
record medium, the information record apparatus 30 

comprising: 

a light source for emitting a plurality of write light 

each different in emission power; 

a power adjustment section for adjusting the 35 

emission power of each of the plurality of write 

light; 

a write section for applying the plurality of write 
light to form a plurality of record pits in the op- 
tical information record medium; 
a feature extraction section for optically repro- 
ducing a record state containing the record pits 
to produce a signal waveform, the feature ex- 
traction section for extracting feature infomna- 
tion of the record state for each of the record ^5 
pits based on the signal wavetonn; 
a detection section for detecting a modulation 
depth of each of the plurality of the write light I 
based on the signal waveform; 
a selection section for selecting the power of 50 
the write light corresponding to the feature in- 
formation in a predetermined range; and 
a determination section for determining that the 
power of the write light, of the powers of the 
write light selected by the selection section, 55 
corresponding to the modulation depth of the 
largest value, of the modulation depths detect- 
ed by the detection section is appropriate write 



light power 

wherein the power adjustment section adjusts 
the emission power of the light source based on the 
power of the write light determined to be appropriate 
by the determination section. 

The information record apparatus as claimed in 
claim 4 wherein the feature information is a p value. 

The information record apparatus as claimed in 
claim 4 wherein the feature information is a value 
of asymmetry. 

An information record method for adjusting power 
of write light onto an optical information record hne- 
dium, the information record method comprising the 
steps of: 

applying a plurality of write light each different 
in emission power from a light source to forme 
a plurality of record pits in the optical informa- 
tion record medium; 

optically reproducing a record state containing . 
the record pits from the optical information 
record medium to produce a signal waveform; 
extracting feature information of the record 
state for each of the record pits based on the 
signal waveform; 

detecting a modulation depth of the write light 
for each of the plurality of write light based on 
the signal waveform; 

selecting the power of the write light corre- 
sponding to the modulation depth of a larger 
value than a predetermined threshold value; 
selecting the feature information corresponding 
to the selected power of write light from among 
the extracted feature information; 
determining that the power of the write light cor- 
responding to the feature information closest to 
target feature information of a predetermined 
record state, of the selected feature information 
is appropriate write light power; and 
adjusting the emission power of the light source 
based on the power of the write light deter- 
mined to be appropriate. 

An information record method for adjusting power 
of write light onto an optical Information record me- 
dium, the information record method comprising the 

steps of: 

applying a plurality of write light each different 
in emission power from a light source to fomn a 
plurality of record pits in the optical information 
record medium; 

optically reproducing a record state containing 
■ the record pits from the optical information 
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record medium to produce a signRi waveform; 
extracting feature information of the record 
state for each of the record pits based on the 

signal waveform: 

delecting a modulation depth of the write light 5 
for each of the plurality of write light based on 

the signal waveform; 

selecting the powers of the write light corre- 
sponding to the feature information in a prede- 
termined range; 

determining that the power of the write light of 
the selected powers of the write light, corre- 
sponding to the modulation depth of the largest 
value, of the detected modulation depths is ap- 
propriate write light power; and ^5 
adjusting the emission power of the light source 
based on the power of the write light deter- 
mined to be appropriate. 

9. An information record medium recording a control 20 
information program to be executed in a computer, 

the control information program comprising: 

applying a plurality of write light each different 
in emission power from a light source to fonne 
a plurality of record pits in the optical informa- 
tion record medium; 

optically reproducing a record state containing 
the recordpits from the optical information 

record medium to produce a signal waveform; 30 
extracting feature information of the record 
state for each of the record pits based on the 
signal waveform; 

detecting a modulation depth of the write light 
for each of the plurality of write light based on 35 
the signal waveform; 

selecting the power of the write light corre- 
sponding to the modulation depth of a larger 
value than a predetermined threshold value; 
selectingthe feature information corresponding ^0 
to the selected power of write light from among 
the extracted feature information; 
determining that the power of the write light cor- 
responding to the feature information closest to 
target feature information of a predetermined ^5 
record state, of the selected feature information 
is appropriate write light power; and 
adjusting the emission power of the light source 
based on the power of the write light deter- 
mined to be appropriate. 50 

10. An information record medium recording a control 

information program to be executed in a computer, 
the control information program comprising: 

55 

applying a plurality of write light each different 
in emission power from a light source to form a 
plurality of record pits in the optical information 



record medium; 

optically reproducing a record state containing 
the recordpits from the optical information re- 
cordmedium to produce a signal waveform; 
extracting feature information of the record 
state for each of the record pits based on the 
signal waveform; 

detecting a modulation depth of the write light 
for each of the plurality of write light based on 
the signal wavefonn; 

selecting the powers of the write light corre- 
sponding to the feature information in a prede- 
termined range; 

determining that the power of the write light of 
the selected powers of the write light, corre- 
sponding to the modulation depth of the largest 
value, of the detected modulation depths Is ap- 
propriate write light power; and 
adjusting the emission power of the light source 
based on the power of the write light deter- 
mined to be appropriate. 
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